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Background: Patients with some types of immunodeficiency can
experience chronic or relapsing infection with severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). This leads
to morbidity and mortality, infection control challenges, and the
risk of evolution of novel viral variants. The optimal treatment
for chronic coronavirus disease 2019 (COVID-19) is unknown.
Objective: Our aim was to characterize a cohort of patients with
chronic or relapsing COVID-19 disease and record treatment
response.

Methods: We conducted a UK physician survey to collect data
on underlying diagnosis and demographics, clinical features,
and treatment response of immunodeficient patients with
chronic (lasting >21 days) or relapsing (>2 episodes) of
COVID-19.

Results: We identified 31 patients (median age 49 years). Their
underlying immunodeficiency was most commonly
characterized by antibody deficiency with absent or profoundly
reduced peripheral B-cell levels; prior anti-CD20 therapy, and
X-linked agammaglobulinemia. Their clinical features of
COVID-19 were similar to those of the general population, but
their median duration of symptomatic disease was 64 days
(maximum 300 days) and individual patients experienced up to
5 episodes of illness. Remdesivir monotherapy (including when
given for prolonged courses of <20 days) was associated with
sustained viral clearance in 7 of 23 clinical episodes (30.4%),
whereas the combination of remdesivir with convalescent
plasma or anti-SARS-CoV-2 mAbs resulted in viral clearance in
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13 of 14 episodes (92.8%). Patients receiving no therapy did not
clear SARS-CoV-2.

Conclusions: COVID-19 can present as a chronic or relapsing
disease in patients with antibody deficiency. Remdesivir
monotherapy is frequently associated with treatment failure,
but the combination of remdesivir with antibody-based
therapeutics holds promise. (J Allergy Clin Immunol
2022;149:557-61.)

Key words: COVID-19, SARS-CoV-2, immunodeficiency, therapeu-
tic monoclonal, remdesivir

INTRODUCTION

Antibody-deficient patients experience chronic infection with
certain viruses,'” and severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection can also become
persistent or relapsing.’® This creates a risk of chronic ill health,
permanent lung disease, intrahost evolution of viral variants,” and
social isolation. The optimal treatment is not yet established.

We conducted a UK physician survey collecting anonymized
data on immunosuppressed adults with prolonged or relapsing
coronavirus disease 2019 (COVID-19) (with >21 days’ duration
and/or >2 episodes of clinical illness). The survey was sent to all
immunologists in the United Kingdom via a professional
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Abbreviations used
COVID-19: Coronavirus disease 2019
CRP: C-Reactive protein
CVID: Common variable immunodeficiency
SARS-CoV-2: Severe acute respiratory syndrome coronavirus-2
XLA: X-linked agammaglobulinemia

network, to infectious diseases and other specialists via the
COVID-19 Therapeutics Advice and Support Group, and to
individual clinicians who were known to have managed patients
in the target group. Data were derived solely from information
collected as part of routine clinical care and were provided in fully
anonymized form.

RESULTS AND DISCUSSION

A total of 31 responses were received (Table I). The median
duration of the patients’ symptomatic disease was 62 days
(maximum 300 days); the median time between first recorded
and most recent positive SARS-CoV-2 PCR was 48 days (>200
days in 4 patients).

The median patient age was 49 years. Of the 31 patients, 17
(54.8%) had a primary immunodeficiency causing hypogamma-
globulinemia with a high frequency of X-linked agammaglobu-
linemia (XLA), and 14 of 31 (45.2%) had secondary
immunodeficiency, mostly due to previous anti-CD20 treatment.
Accordingly, patients demonstrated a striking absence of
peripheral blood B cells, with a median count of zero; the
maximum B-cell count recorded was 0.056 X 109/L, with a
maximum of 3% of blood lymphocytes. In contrast, T-cell counts
were relatively well preserved (Table I). IgG trough levels were
within an acceptable range for those receiving replacement
therapy before their COVID-19 diagnosis but low in those not
previously receiving treatment. IgA and IgM concentrations
were generally very low or absent.

Patients with XLLA had a confirmed genetic diagnosis or absent
Bruton tyrosine kinase (Btk) expression, and 1 patient had
confirmed Wiskott-Aldrich syndrome. Other patients with
primary immunodeficiencies, including those with common
variable immunodeficiency (CVID), did not have a genetic
diagnosis. Causes of secondary antibody deficiency are listed in
Table 1.

Only 13 of the 31 patients (41.9%) had other comorbidities. Of
the 31 patients, 30 (97%) had been hospitalized at least once
because of clinical COVID-19 illness. The patients presented
with typical symptoms of COVID-19: 30 of 31 (96.7%) had a
cough and 27 of 31 (87.1%) had a fever. The results of chest
imaging (chest radiograph and/or computed tomography scan)
were compatible with COVID-19 in 30 of 31 patients and not
reported in 1 patient. Where measured, viremia was relatively
common (7 of 12 patients [58.3%]). No patients had received a
COVID-19 vaccine before presenting with infection. Three
patients (9.7%) had died at the time of the survey (1 of them
died of an unrelated infection after clearing SARS-CoV-2).
Among those patients who had cleared the virus and were alive,
6 still had persistent symptoms but 14 had fully recovered; all of
those who had not cleared the virus but were alive (n = 8) had
persistent symptoms.
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We recorded virologic outcome per patient according to the
maximal antiviral treatment received (Fig 1, A), defined as
remdesivir or antibody-based therapy (convalescent plasma and
SARS-CoV-2-specific mAbs). Among the 20 patients who
cleared infection (median symptom duration 51.5 days), 13
received a combination of remdesivir plus antibody-based
therapy (8 received REGN-COV2 and 5 received convalescent
plasma), 5 received remdesivir monotherapy (<10 days per
course), and 2 received remdesivir monotherapy (for >10 days
in a single course). Viral clearance was delayed in 3 patients
treated with remdesivir monotherapy and 1 patient treated with
combination therapy. Among the 11 patients who did not clear
the infection (median symptom duration 70 days), 1 received
combination therapy (remdesivir plus convalescent plasma), 6
received remdesivir monotherapy (for <10 days), 1 received
remdesivir monotherapy (for >10 days), and 3 did not receive
any antiviral treatment (P = .006 according to the chi-square
test for treatment difference between the groups). According to
logistic regression controlling for age, sex and underlying
diagnosis, the odds ratio of clearing infection with combination
therapy versus with remdesivir monotherapy was 23.1 (95%
CI = 1.3-424.9 [P = .035]).

The patient who received combination therapy but failed to
clear SARS-CoV-2 died after a monophasic illness lasting 23
days. The patient with delayed clearance received sequential
therapy (remdesivir followed 3 weeks later by REGN-COV?2),
whereas the other patients received the therapies
contemporaneously.

We also analyzed each of the 62 episodes of clinical COVID-19
illness (Fig 1, B). We classified outcomes as unfavorable
(persistent PCR positivity, clinical relapse, death) or viral
clearance. The episodes with a successful outcome are described
earlier in this report. Among the 42 episodes with an unfavorable
outcome, 3 did not have any treatment details available, 22
occurred in patients who did not receive any treatment, 15
episodes were treated with remdesivir monotherapy for no more
than 10 days, 1 was treated with remdesivir monotherapy for
more than 10 days, and 1 was treated with combination therapy
(as stated earlier) (P <.0001 according to the chi-square test for
difference in outcome according to treatment received). Overall,
16 of the 23 episodes (69.6%) treated with remdesivir
monotherapy had an unfavorable outcome, with viral clearance
occurring in 7 of the 23 episodes (30.4%) (it was delayed in 3
instances).

We also analyzed clinical outcomes (overall clinical
improvement, reduction in fever, reduction in serum C-reactive
protein (CRP) level, reduction in oxygen requirement, and
discharge from the hospital) per episode of illness (see Fig El
in the Online Repository at www.jacionline.org). Many untreated
episodes demonstrated some spontaneous improvement with
discharge from the hospital. However, fever and CRP level often
did not improve significantly. In contrast, for the vast majority of
episodes treated with remdesivir or combination therapy (and
where outcome data were available), there was improvement in
fever, CRP level, and oxygen requirement regardless of sustained
viral clearance.

Immunosuppressive and immunomodulatory therapeutic
approaches were tried in some patients. The most commonly
prescribed treatment was dexamethasone or other corticosteroids
(in 25 of 62 episodes [40.3%]). Other treatments given were
tocilizumab (in 3 episodes), anakinra (in 4 episodes), and
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TABLE I. Demographic and background data on 31 patients included in the survey

Variable Value
Age (y), median (range) 49 (20-80)
Male sex, no. (%) 20 (64.5%)
Diagnosis, no.
CVID 5
XLA 8
Other primary hypogammaglobulinemia 3
Secondary hypogammaglobulinemia, previous anti-CD20 treatment* 12
Secondary hypogammaglobulinemia, no previous anti-CD207 treatment 2
Unspecified 1
IgG concentration (g/L), median (IQR)
Trough level for patients undergoing immunoglobulin replacement before COVID-19 diagnosis (n = 19) 8.8 (6.7-12.3)
At presentation with COVID-19 for patients not previously on immunoglobulin replacement (n = 12) 4.3 (1.6-5.0)
IgA concentration (n = 27) (g/L), median (IQR) 0 (0-0.57)
IgM concentration (n = 27) (g/L), median (IQR) 0 (0-0.18)
B-cell count (n = 27) (X 10°/L), median (IQR) 0 (0-0.004)

CD4" T-cell count (n = 26) (X 10°/L), median (IQR)
CD8™ T-cell count (n = 24) (X 10°/L), median (IQR)
White ethnicity, no. (%)
Other comorbidity present, no. (%)
Episodes of clinical illness with COVID-19, no.
Total
Range per patient
Mean per patient
Total median duration of illness per patient at the time of survey§
Patient was viremic at any time
Yes
No
Not known
SARS-CoV-2 antibodies in serum during infection
Positive
Negative
Not tested

Patient was receiving immunoglobulin replacement therapy at time of survey

Yes

No, the patient died

No, the patient does not meet NHS England criteria
No, the patient experienced significant side effects

0.46 (0.23-0.85)
0.35 (0.27-0.80)
26 (83.9%)
13 (41.9%)

62
1-5

64 d

IOR, interquartile range; NHS, National Health Service.

*Follicular lymphoma (n = 3), mantle cell lymphoma (n = 2), other lymphoma (n = 2), Waldenstrom macroglobulinemia (n = 2), chronic lymphocytic leukemia (n = 1), acute

myeloid leukemia with stem cell transplant (n = 1), and rheumatoid arthritis (n = 1).

FB-cell acute lymphocytic leukemia with chimeric antigen receptor T-cell therapy (n = 1) and renal transplant (n = 1).
iDiabetes mellitus, hypertension, ischemic heart disease, other heart diseases (eg, arrhythmia, valvular heart disease), asthma, chronic obstructive pulmonary disease, and other

chronic respiratory disease.

§In some instances, details were not provided for all episodes of illness (eg, for those managed in the community), and this figure is therefore likely to be an underestimate.

||All patients had received antibody-based therapies.

intravenous immunoglobulin (in 2 episodes). One patient
additionally received inhaled tissue plasminogen activator. Of
the 62 clinical episodes, 6 (9.7%) were treated with
immunosuppressive or immunomodulatory treatments without
antiviral treatments; none of these resulted in viral clearance.

Overall, our survey of 31 antibody-deficient patients with
COVID-19 has demonstrated a high burden of morbidity among
this population and has highlighted the fact that combination
therapy with antivirals and antibody-based therapeutics is
associated with the highest rate of viral clearance.

Compared with the general population of individuals
hospitalized with COVID-19, our cohort tended to be younger
and have less comorbidity.'” The underlying immunodeficiency
was almost invariably characterized by antibody deficiency,
including a high frequency of patients with XLA or prior

anti-CD20 treatment: there was a striking absence or profound
reduction in peripheral blood B-cell counts across this cohort.
Some patients in the cohort may have broader immune
compromise, including impaired T-cell function, whereas
monocyte function may be impaired in XLA; however, the
composition of this cohort nevertheless implicates B cells and
antibodies as key immunologic components required to clear
SARS-CoV-2 infection.

There are several case reports of COVID-19 outcomes among
antibody-deficient patients who have not received any specific
proven antiviral therapy. Some of these case patients have
died,”'! but full recovery from mild illness'"*'? and even severe
disease with intubation'™'* has been reported in others.

In our surveyed patients, all untreated episodes had an
unfavorable outcome of persistent PCR positivity and/or clinical
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Overall outcome according to
maximal antiviral treatment
received

8 SARS-CoV-2 neg
[ SARS-CoV-2 neg (delayed)
BB SARS-CoV-2 pos

Number of patients

Outcome per episode of iliness

Remdesivir + CP or REGN-COV2
Remdesivir 11-20 days
Remdesivir up to 10days

Nil

Unknown (presumed nil)

3 Viral clearance
3 Delayed viral clearance
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I T
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FIG 1. A, Eventual virologic outcome according to maximal treatment received in 31 antibody-deficient
patients with chronic or relapsing COVID-19. B, Outcome per episode of clinical illness (n = 62 episodes)
among the patient group. CP, Convalescent plasma; neg, negative; pos, positive.

relapse or death, although patients were included in the analysis
only if they had at least 21 days’ duration of symptoms and/or at
least 2 episodes of clinical illness, which introduced a deliberate
bias. Thus, although the published literature confirms that mild
disease and spontaneous clearance of infection is a possible
outcome in these groups of patients, chronic or relapsing
disease'” may well require specific therapy.

We found that a significantly higher proportion of patients had
sustained clearance of SARS-CoV-2 after treatment with
combination antiviral therapy (remdesivir plus antibody therapy,
with 13 of 14 [92.8%] achieving viral clearance) as compared
with those who were treated with remdesivir alone (with 7 of 14
[50%] achieving viral clearance, often delayed) or who received
no specific treatment (with 0 of 3 achieving viral clearance).

Remdesivir monotherapy was given in 23 of 62 clinical
episodes in our surveyed patients and led to mixed outcomes;
16 of 23 episodes (69.6%) had an unfavorable outcome and 7 of
23 (30.4%) had viral clearance (delayed in 3 cases). However,
remdesivir treatment generally led to an improvement in
physiologic parameters (fever, CRP level, and oxygen
requirement) even if there was no viral clearance and/or a
subsequent clinical relapse. Remdesivir may therefore have
utility in unwell patients when there is no access to
antibody-based therapies (although there may be a risk of
selection of resistant viral subpopulations).

Failure to clear SARS-CoV-2 from antibody-deficient patients
after remdesivir monotherapy has been reported in similar
patients.””*''® However, a good response to remdesivir in

antibody deficiency has been documented in other cases.'''’

Notably, in the patients in our cohort, remdesivir was often used
outside the UK commissioning guidelines at the time (ie, beyond
10 days from symptom onset), and some patients were treated
with prolonged courses with up to 20 days’ duration. As the
numbers were small, it is unclear whether this approach was
more successful than the “standard” (as per clinical trials) courses
with up to 10 days’ duration.

None of the patients included in our survey had received
anti—-SARS-CoV-2 antibody therapy alone. However, successful
treatment with convalescent plasma alone has been
described,* """ including in 16 of 17 B-cell-depleted patients
with chronic COVID-19,'¢ 8 of 14 treated patients with secondary
immunodeficiency,”” and 2 patients with CVID and severe
COVID-19.>"** In contrast, monotherapy with convalescent
plasma'’ or REGN-COV-2* was not successful in other cases.

Combination therapy with remdesivir and convalescent plasma
or REGN-COV2 was generally a successful strategy in our
surveyed patients. Successful outcomes with combination
therapy have also been demonstrated in other similar
patients,”’w’B’24 but this strategy failed in a patient with CVID
who died at day 30 despite maximal therapy,” similar to a patient
in our cohort.

In summary, among predominantly B-cell- and antibody-
deficient patients with chronic or relapsing COVID-19, a
significantly higher proportion experienced sustained clearance
of SARS-CoV-2 after treatment with remdesivir plus antibody
therapy than after treatment with remdesivir alone or no
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specific treatment. Currently, providing access to antibody-based
treatments is challenging in many parts of the world, and access to
any antiviral therapeutic is often restricted to those with early
disease. Although appropriate for immunocompetent individuals,
this approach does not address the needs of chronically infected
patients. Indeed, many of the patients reported here were treated
only as part of large, open-label trials, in which they could equally
have been randomized to the standard of care, or as a result
of favorable decisions from pharmaceutical companies’
compassionate use committees.

From both clinical and public health perspectives, we
encourage improved access to treatment for these patients via
protocols or studies with careful monitoring for outcome.
Well-conducted observational studies can provide vital data on
rare patients such as these and may even be preferable to large,
randomized controlled studies in which recruitment would be
challenging and use of placebos could present ethical issues.

Clinical implications: COVID-19 can become chronic in
patients with immunodeficiency, and the optimal treatment

for this situation remains unknown. Here, we have
demonstrated that the combination of antivirals and
antibody-based therapeutics is highly effective.
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FIG E1. Proportion of clinical episodes in which patients experienced clinical improvement, reduction in
fever, reduction in serum C-reactive protein concentration, reduction in oxygen requirement, and discharge
from the hospital according to treatment received: combination therapy (remdesivir plus convalescent
plasma or REGN-COV2 monoclonals [n = 14]), remdesivir monotherapy (n = 23), or no treatment (n = 22).
N/A, not applicable; NK, not known.
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